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Introduction

20
The formation of thrombus in blood is involved in a number of life threatening situations like 21
Coronary Artery Disease and mechanical heart valve complications; it is a multi-scale 22 phenomenon both in respect of time and space, involving a number of biochemical 23 substances, blood circulating minerals and cellular responses. While the formation of blood 24 clot is a physiological response of human body to vessel injury, it can be initiated when blood 25 Papadopoulos et al-Model for thrombin generation contacts certain substances like those exposed after the rupture of atheromatous plaques in 26 stenosed vessels [Rauch, Osende et al. 2001 ] and when pathological flow conditions prevail 27 in a region [Nesbitt, Westein et al. 2009 ]. Between the initiation and the formation of a 28 thrombus, a series of enzymatic reactions takes place also known as coagulation cascade 29 [Furie and Furie 2008] , classically divided in three parts: (1) the extrinsic or Tissue Factor 30 (TF) pathway, (2) the intrinsic or contact pathway and the (3) common pathway. In every 31 step of the process a circulating zymogen is activated, with the activation reaction being 32 catalysed by the products of previous steps. However, as most of these enzymatic reactions 33 take place on cell membranes, the current approaches for coagulation are cell-based models 34 and the process is divided in three discrete phases, initiation, amplification and propagation. 35
Thrombin (factor IIa) and platelets play critical roles in the coagulation process. Thrombin in 36 the final step catalyses the conversion of fibrinogen (factor I) to fibrin (factor Ia), a protein 37 that through polymerization creates a mesh clot that also traps circulating blood cells. In 38 addition, thrombin activates factor XIII (that forms bonds that crosslink the fibrin strands 39 [Mosesson 2005 ]), causes the activation of platelets [Brass 2003 ], the activation of factors V 40 and VIII and their inhibitor protein C (APC). Platelets on the other hand, after activation by 41 chemical or mechanical stimulation [Jesty, Yin et al. 2003 ] become adhesive and form 42 aggregates on the materials exposed after arterial damage [Badimon, Badimon et al. 1986] The advance of computational techniques and increase of computational power have made 50
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As the process between the initial stimulation and the formation of thrombin consist the main 126 part of the coagulation reactions, our motivation is to develop a phenomenological model for 127 thrombin formation that would be efficient enough to be used with three dimensional 128
Computational Fluid Dynamic (CFD) simulations while also being adjustable in order to 129 reflect measured differences existing in data of different individuals. A case-specific 130 simplified model like this, though not including the full biochemical details of the process, 131 could be used for comparison of different cases of clinical interest. 132
Materials and methods
133
The aim of the study is to propose a set of equations that describe the thrombin generation in 134 blood using the minimum possible number of parameters but which are able to describe with 135 acceptable accuracy the whole process. The model is validated against experimental results 136 for thrombin generation in vitro from Thrombin Generation Assays (TGA). The proposed 137 model for thrombin production is based on the cell-based models of coagulation [Smith 2009 Table 1 . The initial values for the reaction rate constants, shown in Table 2 , are 155 taken either from already existing models or from experimental studies. 156
As the proposed model used a reduced number of 4 reactions, each reaction rate represents 157 the integral effect of more than one actual process. Also, 'activated platelets' actually 158 represent platelet activity, in the sense that 100% activated platelets implies maximum 159 platelet activity rather than the fact that all platelets are activated. Figure 1a The model is structured as follows: During the initiation phase thrombin generation is 162 described by a slow first order reaction. This reaction, which is localized on the TF-bearing 163 cells, is used to describe the whole pro-coagulant activity that occurs on the TF-bearing cells 164 -formation of the TF-VIIa complex, activation of factors IX, X and V. In this reaction is also 165 included the inhibition of the amounts of IXa, Xa that leave the cell surfaces by TFPI in 166 plasma. The initial value for the reaction rate constant was estimated using the lag times 167 reported in [Lawson, Kalafatis et al. 1994 
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The last expression, after manipulation leads to an (approximate because of the aforementioned Tables, figures   572   Table 1 
